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     The use of energy storage faciliti es in large-scale 
power networks has been limited by the availabil ity of 
suitable cost effective technology.  Regenesys® (1), a new 
energy storage technology developed by the UK company 
Innogy Technology Ventures Limited (ITVL), uses 
regenerative fuel cells to store and release large quantities 
of electrical energy by means of a reversible 
electrochemical reaction which, in simple terms, may be 
represented by the equation 
 

3 NaBr  +  Na2S4  ⇔  2 Na2S2  +  NaBr3    [1] 
 

The open-circuit voltage of the polysulphide/bromine cell , 
in its charged state, is ca. 1.5 V.  The technology involved 
is environmentally benign, comparatively easy to site and 
separates the power rating from the energy storage 
capacity.  A 100 MWh electrochemical energy storage 
plant, on a compact site of less than 0.5 hectare, is 
currently being commissioned at Didcot power station in 
the UK (1).  The Regenesys system uses concentrated 
solutions of sodium bromide and sodium polysulphides as 
electrolytes.  These salts, which are plentiful and available 
at low cost, are readily soluble in aqueous media and 
relatively safe.  However, full optimisation of the 
chemistry/electrochemistry has yet to be completed.  
During the discharge process polysulphide species are 
oxidised to elemental sulphur, which precipitates onto the 
electrode before dissolving to form longer chained 
polysulphide species.  This process passivates the 
electrode at high discharge current densities.  It was 
decided to investigate the basic electrochemical response 
of polysulphide ions in base and in particular to monitor 
the formation and removal of this deactivating film in 
order to gain a better understanding of the mechanism of 
its formation. 
     The electrochemical behaviour of sulphur on metals is 
of interest in several areas, e.g. the processing of crude oil 
and natural gas, and in the field of electrocatalysis (2).  
The electrochemistry of aqueous sulphide and poly-
sulphide solutions is quite complex due to a number of 
factors, viz. (i) the various polysulphide equili bria which 
exist in solution, (ii ) the deposition of a passivating 
sulphur layer during electro-oxidation and (iii ) the 
sensitivity of the solutions to temperature and pH 
changes.  In this study, cyclic voltammetry and an 
electrochemical quartz crystal microbalance (EQCM) 
were util ised to investigate the sulphur deposition process 
at gold electrodes in 0.012 M Na2Sx in alkaline solution at 
ambient temperature.  Oxidation commenced in the 
positive sweep at ca. −0.65 V (SCE), the anodic current 
increasing (Fig. 1) first to a plateau and later to a peak at 
ca. −0.33 V; the reactions involved are assumed to be as 
follows: 
 
nHS− + nOH− = Sn

2− + nH2O + 2(n – 1)e−, E < −0.44 V [2] 
 

       Sn
2− = nS0 + 2e−, E > −0.44 V                 [3] 

 
i.e. oxidation is assumed to occur via a polysulphide ion 
intermediate in alkaline solution as suggested by Allen 
and Hickling (3); however, other authors have concluded 
that polysulphide ions are not produced when a layer of 
sulphur is deposited on gold (4).  EQCM data confirmed 
that sulphur deposition onto the gold surface commenced 
only above ca. −0.4 V, i.e. in the region of the second 
anodic feature.  Superficiall y it may appear that the 
anodic maximum at ca. −0.33 V is due to accumulation of 
sulphur at the anode surface.  However, the process 
involved is not simple, e.g. much heavier deposits of 
sulphur were formed on holding the potential at −0.4 V 
than at −0.33 V.  Passivation obviously occurs in the 
sulphur deposition region but it may not be due to the 
thick layer of sulphur.  There may be duplex film 
formation, e.g. an inner, highly passivating, film may be 
produced at ca. −0.33 V, giving rise to the decay in anodic 
current at more positive potentials.  The sulphur film 
formed at −0.4 V is less inhibiting, either due to the 
absence of the inner passivating layer or to a difference in 
the texture, density or blocking capabili ty of the thick 
sulphur deposit.  Further aspects of the sulphur formation 
and removal reactions at this electrode system will be 
discussed. 
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Fig. 1 Cyclic voltammogram (−1.3 → 0.0 V, 5 mV s-1) 

for Au wire in 0.012 M Na2Sx (half-charged) in 
0.5 M NaOH + 0.5 M KOH at 35°C. 

 


